The effect of long term exposure to sex pheromones on calling behaviour and mating in three important lepidopteran pests, the European grape berry moth, Eupoecillia ambiguella (Hübner), the European grapevine moth, Lobesia botrana (Denis & Schiffermüller), and the Egyptian cotton leafworm, Spodoptera littoralis (Boisduval) were investigated in laboratory experiments. In the three species, permanent exposure of females to their main sex pheromone compound did not alter either the onset or the patterns in the calling activity. When both males and females of each species were constantly exposed to their main sex pheromone compound, the percentage of females that were mated was significantly reduced. However, the degree of mating suppression varied, with 100%, 86%, and 53% in E. ambiguella, L. botrana and S. littoralis, respectively. These results indicate that males but not females are the only sex that is primarily affected by permanent exposure to sex pheromone. It also suggests that sensory overload which results in adaptation in the olfactory sensilla and/or habituation in central nervous system is the key mechanism of mating disruption in the three species.
Introduction
Sex pheromones have been identified for nearly 2500 lepidopteran species (El-Sayed, 2005) . Sex pheromones are being used to provide environmentally friendly methods to control major insect pests and for other uses, e.g., to monitor weed biocontrol agents (Suckling, 2000) . The most developed application of sex pheromones in pest control is in monitoring the activity of insect populations, and for control through mating disruption. The success of sex pheromones in pest control has encouraged studies of behavioural mechanisms underlying mating disruption (Hiyori et al., 1986; Sanders & Lucuik, 1996; Rumbo & Vickers, 1997; Evenden et al., 2000) . Several mechanisms have been proposed; (a) sensory overload, which results in adaptation in the olfactory sensilla and/or habituation in central nervous system, (b) camouflage or masking of the calling female's plume by synthetic sex pheromone plumes, thus reducing the ability of the male to locate a calling female, (c) false-trail following, in which males will follow a synthetic pheromone plume instead of natural pheromone, thus reducing the probability of mate finding, and (d) inhibition of female calling, in which exposure of the female to con-specific synthetic pheromones will alter the onset or the activity patterns in female calling behaviour.
The European grape berry moth, Eupoecillia ambiguella (Hübner) and the European grapevine moth, Lobesia botrana (Denis & Schiffermüller) are two major pests in European vineyards (Bovey, 1979; Hillebrand et al., 1990) . The major sex pheromone of E. ambiguella was identified as (Z)-9-dodecenyl acetate (Z9-12Ac) (Arn et al., 1976) while (E,Z)-7,9-dodecadienyl acetate (E7Z9-12Ac) was identified as the major sex pheromone component of L. botrana (Roelofs et al., 1973) . Other minor pheromone components were identified in the sex pheromone glands of both species (Arn et al., 1986; El-Sayed et al., 1999) . The Egyptian cotton leafworm, Spodoptera littoralis (Boisduval) is a major pest in cotton and various vegetable crops in Africa and Europe. The major sex pheromone of this species was identified as (Z,E)-9,11-tetradecadienyl acetate (Z9E11-14Ac) (Nesbitt et al., 1973) . Minor pheromone compounds were also identified in the sex pheromone gland (Nesbitt et al., 1973; Campion et al., 1980) . Among these three species, only females of S. littoralis are known to be able to detect their own sex pheromones (Nesbitt et al., 1973) , while females of the other two species, E. ambiguella and L. botrana, are apparently unable to detect their own sex pheromone (AM El-Sayed, unpubl.). Mating disruption has been used on a large scale as an environmentally friendly method to control all three species. However, the degree of success has varied. While mating disruption proved to be effective against E. ambiguella (Nesbitt et al., 1973; Vogt et al., 1993) mixed results were obtained with L. botrana (Arias et al., 1992; Charmillot & Pasquier, 1992; Neumann et al., 1993) . Large-scale trials of mating disruption were also conducted in Egypt to control S. littoralis (De Souza et al., 
